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(57) A bottomed conical hollow 6b is formed in a tip 
end of the container body A formed of a thermoplastic 
material with a liquid filled and sealed therein simulta- 
neously during the molding process, the hollow having 
an inside diameter enlarging toward the tip end, and a 
small-diameter instilling hole 6c is penetrated through 
the bottom of the hollow 6b for controlling, at a set quan- 
tity, the liquid pushed out of the container body A. 
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Description 

TECHNICAL FIELD 

[0001] This invention relates to an improvement in 
eye drop containers for containing an ophthalmic solu- 
tion for medical use and in the method of manufacturing 
the same. 

BACKGROUND ART 

[0002] Eye drops for medical use must be applied in 
a controlled, fixed quantity. 

[0003] An ordinary eye drop container in wide use, 
which can control the quantity of application, has an in- 
jection molded inner nozzle tip fitted in and fixed to a 
tubular portion of a molded container body. This nozzle 
tip defines a hollow in the form of a bottomed cone hav- 
ing an inside diameter increasing toward a tip end there- 
of, and a small diameter instilling hole extending through 
a central position of the bottom of the hollow for control- 
ling the quantity of the ophthalmic solution pushed out 
of the container body. An injection molded cap, having 
a stopper-like projection for fitting in and sealing the hol- 
low in the form of a bottomed cone, is meshed with and 
mounted on a male screw formed on an outer peripheral 
surface of the tubular portion of the container body. 
[0004] This eye drop container, with the hollow in the 
form of a bottomed cone and thesmall diameter instilling 
hole extending through the central position of the bottom 
of the hollow, can reliably instill the solution constantly 
in a fixed quantity as the container body is pressed. 
However, dies are required to injection mold the three 
components separately from one another, and each 
component requires a cleaning and sterilizing operation, 
which results in increased manufacturing costs. 
[0005] On the other hand, unitary molded containers 
are used which achieve reduced manufacturing costs 
and yet can retain the function of an eye drop container. 
Such a container has a container body formed of a ther- 
moplastic material (popularly called a bottle pack type 
container in which a solution is filled and sealed at the 
time of blow molding or vacuum molding. A cap, having 
a needle-like projection formed integral therewith for 
penetrating and forming a instillation channel in the tip 
portion of the container body, is detachably meshed with 
a male screw formed on an outer peripheral surface on 
the tip portion of the container body. The cap is meshed 
further downward than the usual stopping position, 
whereby the needle-like projection of the cap penetrates 
and forms an instillation channel in the tip portion of the 
container body. 

[0006] The above eye drop container of the bottle 
pack type has the advantage of reduced manufacturing 
costs overthe eye drop container using the inner nozzle 
tip formed by injection molding. However, since the in- 
stillation channel is formed by the needle-like projection 
of the cap breaking through the tip end of the container 



body, the cap must be properly screwed to a further 
tightened position from the usual stopping position. Oth- 
erwise, the shape and size of the instillation channel 
may lack uniformity, resulting in variations in the quantity 
5 of ophthalmic solution pushed out of the container body. 
[0007] When the cap is tightened excessively from the 
usual stopping position after the tip end of the container 
body is penetrated to form a instillation channel therein, 
the instillation channel is enlarged by the needle-like 
projection of the cap with each excessive tightening 
turn. Thus, the quantity of the solution to be pushed out 
of the container body may gradually increase. 
[0008] It is therefore necessary to provide sufficient 
information as to the proper use of the eye drop contain- 
er. However, even with sufficient information given, it 
has been difficult to avoid the above misuse because 
users are inclined to mesh the cap without enough cau- 
tion for penetrating the instillation channel or tighten the 
cap excessively. 

DISCLOSURE OF THE INVENTION 

[0009] This invention has been made having regard 
to the state of the art noted above, and its primary ob- 
jective is to provide an eye drop container to reliably in- 
still a solution constantly in a fixed quantity as the con- 
tainer body is pressed, without impairing the advantage 
in manufacturing costs of the container body of the bottle 
pack type. A second primary object is to provide a man- 
ufacturing method that can promote a reduction in man- 
ufacturing cost. 

[0010] The eye drop container of this invention is 
characterized by a bottomed conical hollow formed in 
the tip end of the container body, formed of a thermo- 
plastic material, with the liquid filled and sealed therein 
simultaneously with the molding process, the hollow 
having an inside diameter enlarging toward the tip end, 
and a small-diameter instilling hole penetrating through 
the bottom of the hollow for controlling, at a set quantity, 
the liquid pushed out of the container body. 
[0011] According to the above characteristic con- 
struction, the container body formed of a thermoplastic 
material (bottle pack type container body) is used in 
which a liquid is filled and sealed simultaneously with 
blow molding, vacuum molding or the like, and the bot- 
tomed conical hollow having an inside diameter enlarg- 
ing toward the tip end, and the small-diameter instilling 
hole for controlling, at a set quantity, the liquid pushed 
out of the container body, is formed directly in the tip end 
of the container body. Thus, less dies are required for 
manufacturing the container body than an eye drop con- 
tainer using an injection-molded inner nozzle tip. The 
presence of the bottomed conical hollow and small-di- 
ameter instilling hole allows a fixed quantity of liquid to 
be dipped reliably whenever the container body is 
pressed. 

[0012] Thus, only the bottomed conical hollow and 
small-diameter instilling hole are formed to allow the tip 
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end of the container body of the bottle pack type to ex- 
hibit an inner nozzle tip function. The liquid may be in- 
stilled reliably and constantly in a fixed quantity without 
impairing the advantage in manufacturing costs of the 
container body of the bottle pack type. 
[0013] In the eye drop container of this invention, it is 
extremely importantto provide a hollow, which is shaped 
so that a small-diameter instilling hole can be formed for 
controlling each drop at a set quantity, in a tip end of a 
container body formed of a thermoplastic material °with 
the liquid filled and sealed therein simultaneously during 
the molding process. Thus, a semi-finished eye drop 
container having such a hollow falls within the scope of 
this invention also. The construction of such an eye drop 
container is characterized in that, as defined in claim 2, 
the container includes a bottomed conical hollow formed 
in a tip end of a container body formed of a thermoplastic 
material with a liquid filled and sealed therein simulta- 
neously with a molding process, the hollow having an 
inside diameter enlarging toward the tip end, wherein 
the hollow is shaped so that a small-diameter instilling 
hole can be formed in a bottom of the hollow for control- 
ling, at a set quantity, the liquid pushed out of the con- 
tainer body toward the bottom of the hollow. 
[0014] The eye drop container according to one pre- 
ferred embodiment of this invention is characterized by 
the said container body having a threaded portion 
formed integral therewith for detachably meshing a cap 
to seal the hollow of the container body. 
[0015] According to the above characteristic con- 
struction, the threaded portion for meshing with the cap 
may be formed simultaneously with the formation of the 
container body. This promotes low manufacturing costs. 
[0016] One preferred embodiment of the eye drop 
container invention is that the said hollow has a range 
of depth of 2 to 7mm. 

[0017] According to the above characteristic con- 
struction, the hollow should desirably be formed as deep 
as possible, preferably in the range of 5 to 7mm, and 
most preferably 6mm, from the technical point of view 
of yield and assuring a stable inner nozzle tip function. 
If the depth of the hollow is smaller than the desired 
range of value, a tip end of the hollow, i.e. the instilling 
hole, is covered with accumulated liquid, under surface 
tension, within an annular space (a liquid reservoir) of 
the container around the hollow. This causes an incon- 
venience when liquid accumulates within the liquid res- 
ervoir and then may be pushed out through the instilling 
hole, under pressure applied when the container is 
gripped with a user's hand or finger(s). If a depth of the 
hollow is larger than the desired range of value, on the 
other hand, the hollow will likely form a crack-formation 
during the hollow-forming process. The depth of 6mm 
is found to be an optimum solution for meeting these 
contrary conditions. However, in case of a liquid medi- 
cine of lower surface tension, the depth of the hollow 
can be designed smaller, since the liquid quantity accu- 
mulated within the reservoir is smaller and thus the 



depth is not required to be so large. 
[0018] Another preferred embodiment of this eye drop 
container invention is characterized by the said hollow 
that has an opening diameter adjacent to the tip end in 

5 a range of 2 to 4mm. 

[0019] According to the above characteristic con- 
struction, the size is adjusted within the range of 
<t>2.0mm to cj>4.0mm according to the liquidity (surface 
tension and viscosity) of the liquid filled into the contain- 

10 er body. 

[0020] To make the quantity of each drop constant (i. 
e. adjust each drop to be within the range of the 25 to 
50 microliters according to purpose), the opening diam- 
eter is reduced for a liquid of high surface tension, and 
15 the opening diameter is enlarged for a liquid of low sur- 
face tension. 

[0021] The method of manufacturing the eye drop 
container according to one preferred embodiment of this 
invention is characterized by pressing, in the direction 

20 of a container axis and against the tip end of the con- 
tainer body with the liquid filled and sealed therein si- 
multaneously during the molding process, a convex 
forming die to form the said hollow, and a needle-like 
forming die for forming said small-diameter instilling 

25 hole. 

[0022] According to the above characteristic feature, 
the container body formed of a thermoplastic material 
(bottle pack type container body) is used in which a liq- 
uid is filled and sealed simultaneously with blow mold- 

30 ing, vacuum molding or the like, and the bottomed con- 
ical hollow having an inside diameter enlarging toward 
the tip end, and the small-diameter instilling holeforcon- 
trolling, at a set quantity, the liquid pushed out of the 
container body, is formed directly in the tip end of the 

35 container body. Thus, less dies are required for manu- 
facturing the container body than an eye drop container 
using an injection -molded inner nozzle tip member. The 
presence of the bottomed conical hollow and small-di- 
ameter instilling hole allows a fixed quantity of liquid to 

40 be dripped reliably whenever the container body is 
pressed. 

[0023] Moreover, since the convex forming die for 
forming the hollow, and the needle-like forming die for 
forming the instilling hole are only pressed into contact 
45 in the direction of a container axis, the bottomed conical 
hollows and small-diameter instilling holes may be 
formed in numerous container bodies while the latter are 
being transferred. 

[0024] Thus, only the bottomed conical hollow and 
so small-diameter instilling hole are formed to allow the tip 
end of each container body of the bottle pack type to 
exhibit an inner nozzle tip function. In addition, numer- 
ous container bodies may be processed while being 
transferred. The eye drop containers for reliably instilling 
55 liquid constantly in a fixed quantity may be manufac- 
tured with an advantage in terms of manufacturing cost. 
[0025] Further, the method of manufacturing the 
above-described eye drop container having a hollow as 
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a semi-finished product is characterized, as defined in 
claim 7, by the step of pressing a convex forming die for 
forming the hollow, in the direction of a container axis 
and against the tip end of the container body with the 
liquid filled and sealed therein simultaneously during the 5 
molding process. 

[0026] The method of manufacturing the eye drop 
container according to one preferred embodiment of this 
invention is characterized by heating at least a portion 
formed by the said convex forming die, to a non-buckle 
temperature by the heating means before the forming 
process. 

[0027] According to the above characteristic feature, 
the shaping precision and yield in forming the hollows 
in the tip ends of the container bodies may be improved. 
[0028] The method of manufacturing the eye drop 
container according to one preferred embodiment of this 
invention is characterized by forming the hollow and in- 
stilling hole in the tip end of the container by using a 
single forming die integrating the said convex forming 
die and said needle-like forming die. 
[0029] According to the above characteristic feature, 
the bottomed conical hollow and small-diameter instill- 
ing hole may be formed with a single forming die. This 
achieves an improvement in manufacturing efficiency, 
and a simplification of the manufacturing equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] 

Fig. 1 is a sectional front view showing the eye drop 
container of this invention. 
Fig. 2 is an explanatory view of a process of blow 
molding or vacuum molding a container body. 
Fig. 3 is an explanatory view of the manufacturing 
method in the first mode. 

Fig. 4 is an explanatory view of a manufacturing 
method in the second mode. 
Fig. 5 is an explanatory view of the manufacturing 
method in the third mode. 

Fig. 6 is a schematic plan view showing the eye drop 
container manufacturing machine. 
Fig. 7 is an enlarged sectional view of the container 
feeding device. 

Fig. 8 is an enlarged sectional view of a grip and 
transfer device, a switch device and a centering de- 
vice. 

Fig. 9 is an enlarged view of the principal portion of 
the switch device. 

Fig. 1 0 is a view of the drive system for gripper 
claws. 

Fig. 11 is an enlarged sectional view of the principal 
portion showing the manufacturing steps according 
to the first mode. 



BEST MODE FOR CARRYING OUT THE INVENTION 
[First Embodiment] 

[0031] Fig. 1 shows an eye drop container for use 
mainly in medical treatment of this invention, which in- 
cludes a container body A formed of a flexible, thermo- 
plastic material and having a predetermined quantity of 
liquid medicine filled at the time of blow molding or vac- 
uum molding, and a cap B detachably meshed with a 
male screw 5a formed on an outer peripheral surface of 
a threaded tube portion 5 of the container body A. 
[0032] The container body A includes a circular bot- 
tom 1 curved inwardly, a hollow, cylindrical barrel portion 
2 continuous with peripheral edges thereof, a cylindrical 
neck portion 3 continuous with a shoulder 2a of the bar- 
rel portion 2, an annular stepped portion 4 protruding 
diametrically outward from an upper position of the neck 
portion 3, the threaded tube portion 5 continuous up- 
ward therefrom and having the male screw 5a, and an 
instilling tube portion 6 continuous upward therefrom 
and having an instilling opening 6a. The neck portion 3 
has pi ate- 1 ike ribs 3a formed integral therewith in two 
circumferential positions opposed to each other across 
a container axis X to extend along the container axis X. 
[0033] The instilling tube portion 6 of the container 
body A defines a hollow 6b in the form of a bottomed 
cone having an inside diameter enlarging toward the in- 
stilling opening 6a. The hollow 6b has a small-diameter 
instilling hole 6c formed in the bottom thereof for con- 
trolling, at a set quantity, the liquid pushed out of the 
container body A as the barrel portion 2 is pressed with 
fingertips. 

[0034] The hollow 6b has a depth in the range of 2 to 
7mm , preferably in the range of 5 to 7mm, and most pref- 
erably 6mm. The shedding opening 6a has a diameter 
(top diameter) adjusted in the range of <{>2.0mm to 
<J>4.0mm according to the liquidity {surface tension and 
viscosity) of the liquid medicine. 
[0035] To make the quantity of each drop constant (i. 
e. adjust each drop to be within the range of the 25 to 
50 microliters according to purpose), the diameter of the 
instilling opening 6a is reduced for a liquid of high sur- 
face tension, and the diameter of the instilling opening 
6a is enlarged for a liquid of low surface tension. 
[0036] Further, the instilling hole 6c is formed by using 
a needle having a diameter in the range of (J>0.1mm to 
(|>0.8mm. The diameter of the needle, preferably, is 
smaller, and a size in the order of <|>0.2mm is the most 
desirable. However, too small a size would make the for- 
mation technically difficult. In practice, therefore, a nee- 
dle in the range of <}>0.4mm to <t>0.6mm is used. 
[0037] The thermoplastic material for forming the con- 
tainer body A may be polyethylene, polyethylene-poly- 
propylene, polypropylene, polyethylene terephthalate, 
polycarbonate or the like. The cap B has a stopper-like 
projection 8 formed integral therewith for fitting in and 
sealing the hollow 6b of the container body A when the 
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cap is meshed with the male screw 5a of the container 
body A. 

[0038] The method of manufacturing the container 
body A before forming the hollow 6b and instilling hole 
6c is well known in the art, and will be described briefly. 5 
[0039] As shown in Fig. 2(a), in an opened state of a 
pair of main forming dies 1 1 defining a first cavity 1 0 for 
forming the range from the annular stepped portion 4 to 
the bottom 1 of container body A, and a pair of auxiliary 
forming dies 1 3 defining a second cavity 1 2 for forming 
the threaded tube portion 5 and the shedding tube por- 
tion 6 of container body A An elongate, hollow, tubular 
parison 1 5 formed of a semi-solid thermoplastic material 
and having a predetermined length is extruded vertically 
through a space between the two dies 11 and 13 from 
an extrusion head 14 disposed above. 
[0040] Next, as shown in Fig. 2(b), a forming process 
is carried out with the main forming dies 1 1 closed, while 
expanding the parison 1 5 along forming surfaces 1 1 a of 
the main forming dies 11 by a compressed air blowing 
action or vacuum action. In this state, as shown in Fig. 
2(c), a predetermined quantity of liquid (liquid medicine) 
is filled in from a medicine supply pipe 16. 
[0041] After this liquid filling step, as shown in Fig. 2 
(d), a forming process is carried out with the auxiliary 
forming dies 13 closed, while expanding the parison 15 
along forming surfaces 1 3a of the auxiliary forming dies 
13 by a compressed air blowing action or vacuum ac- 
tion. The liquid, filled simultaneously with the formation, 
is sealed (enclosed). 

[0042] Next, a process is carried out for forming the 
bottomed conical hollow 6b and the small-diameter in- 
stilling hole 6c in the instilling tube portion 6 at the tip 
end of the container body A formed by blow molding or 
vacuum molding as described above. Each manufactur- 
ing method in the three modes for this process will be 
described hereinafter. 

[Manufacturing Method of the First Mode] 

[0043] The manufacturing method of the first mode 
shown in Figs. 3(a)-(d) uses a convex forming die 20 
formed of metal for forming the bottomed conical hollow 
6b, and a needle-like forming die 21 formed of metal for 
forming the instilling hole 6c. 

[0044] The convex forming die 20 includes a mount- 
ing shaft 20A having, formed at the distal end thereof, 
a conical forming projection 20B for forming the bot- 
tomed conical hollow 6b, and a bowl-shaped (bell- 
shaped) forming surface 20C for forming the outer pe- 
ripheral surface of the shedding tube portion 6 of the 
container body A. The needle-like forming die 21 has a 
needle-like forming projection 21 B formed at the distal 
end of the mounting shaft 21 A for forming the small-di- 
ameter instilling hole 6c. 

[0045] In the manufacturing method of the first mode, 
as shown in Fig. 3(a), part of the instilling tube portion 
6 at the tip end of the container body A is heated to room 
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temperature or 70°C to 150°C by a initial heating device 
C such as warm air, a halogen lamp or laser beam. The 
heating temperature depends on the material and the 
shape of the container body A, but a temperature for 
slightly softening the tip end of the container body A is 
desirable. 

[0046] Where the thermoplastic material of container 
body A is a soft resin material such as polyethylene, the 
tip portion will buckle unless heated. It is therefore nec- 
essary to heat, with the initial heating device C, at least 
the portion to be formed by the convex forming die 20, 
to a non-buckling temperature before formation. How- 
ever, in the case of a resin material and a shape that 
can withstand the buckling force, i.e. withstand a pres- 
sure applied along the container axis X by the convex 
forming die 20, the formation may be carried out at room 
temperature. 

[0047] Next, as shown in Fig. 3(b), before the part of 
the instilling tube portion 6 of the container body A which 
has been heated by the initial heating device C cools, 
the convex forming die 20 is pressed in the direction of 
container axis X to form the bottomed conical hollow 6b, 
having the inside diameter increasing toward the instill- 
ing opening 6a, in the instiling tube portion 6 of container 
body A 

[0048] At this time, the bowl-shaped forming surface 
20C of the convex forming die 20 can remove burrs 
formed at the time of blow forming which are projecting 
from the outer peripheral surface of the instilling tube 
portion 6 of container body A 

[0049] The convex forming die 20 itself is tempera- 
ture-controlled in a range from room temperature to 
150°C according to the shape and wall thickness of the 
instilling tube portion 6 of the container body A to be 
formed. The heating temperature should preferably be 
as low as possible, taking into account cooling solidifi- 
cation of the tip end of the instilling tube portion 6. 
[0050] The convex forming die 20 can be simply 
changed according to the fluidity of the liq uid to be filled. 
[0051] Next, as shown in Figs. 3(c) and (d), the nee- 
dle-like forming die 21 is pressed in the direction of the 
container axis X against the central position on the bot- 
tom of the hollow 6b formed in the instilling tube portion 
6 of the container body A, to form the small-diameter 
instilling hole 6c for controlling a set quantity of the liquid 
pushed out of the container body A as the barrel portion 
2 is squeezed with the fingertips. 
[0052] During the process of forming the instilling hole 
6c with the needle-like forming projection 21 B of the 
needle-like forming die 21, two ways are proposed. 
First, the operation is carried out with the needle-like 
forming projection 21 B remaining at room temperature, 
or secondly, the needle-like forming projection 21 B is 
heated. The way to be employed is selected depending 
on various conditions including the resulting shape of 
the small-diameter instilling hole 6c, the shape of the 
hollow 6b, and the shape, material and manufacturing 
cost of the remaining components/portions of the con- 



EP 1 230 905 A1 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 230 905 A1 



10 



tainer. If just heating the needle-like forming projection 
21 B of the needle-like forming die 21 is required, the 
preferable temperature for melting the resin material of 
the container should be in the range of 1 30°C to 1 80°C. 
[0053] The needle-like forming die 21 is heated by a 
second heating device D such as high frequency induc- 
tion heating, a halogen lamp or warm air. The mounting 
shaft 21 A carrying the needle-like forming die 21 is 
cooled by a cooling device E such as a water jacket or 
compressed air. 

[0054] At the point where the needle-like forming die 
21 has cooled to a predetermined temperature, the nee- 
dle-like forming die 21 is withdrawn along the container 
axis X from the instilling tube portion 6 of the container 
body A which has been formed into the predetermined 
shape. 

[0055] The needle-like forming die 21 may be given a 
surface treatment such as plating, Teflon coating or spe- 
cial plating to improve separability or releasability from 
the resin. This surface treatment, preferably, is the type 
that withstands high temperatures and is not easily sep- 
arable. 

[Manufacturing Method of the Second Mode] 

[0056] As in the first mode, the manufacturing method 
of the second mode shown in Figs. 4(a)-(d), uses a con- 
vex forming die 20 made of metal for forming the bot- 
tomed conical hollow 6b, and a needle-like forming die 
21 made of metal for forming the instilling hole 6c. 
[0057] The convex forming die 20 includes a mount- 
ing shaft 20A having only a conical forming projection 
20B formed at the distal end thereof for forming the bot- 
tomed conical hollow 6b. The needle-like forming die 21 
has, formed at the distal end of the mounting shaft 21 A, 
a needle-like forming projection 21 B for forming the 
small-diameter instilling hole 6c, and a bowl-shaped 
(bell-shaped) forming surface 21 C for forming the outer 
peripheral surface of the installing tube portion 6 of the 
container body A. In addition, the needle-like forming 
projection 21 B has a proximal end 21b thereof formed 
to be conical fitting with the hollow 6b formed by the con- 
ical forming projection 20B. 

[0058] In the first mode, as shown in Fig. 3(b), the 
burrs formed at the time of blow forming which project 
from the outer peripheral surface of the instilling tube 
portion 6 of the container body A are removed at the 
time of formation by the convex forming die 20. In the 
second mode, as shown in Fig. 4(c), the burrs formed 
at the time of blow forming which project from the outer 
peripheral surface of the instilling tube portion 6 of the 
container body A are removed at the time of formation 
by the needle-like forming die 21 . The other aspects are 
the same as in the first mode. 

[Manufacturing Method of the Third Mode] 

[0059] The manufacturing method of the third mode 



shown in Figs. 5(a)-(d) uses a single forming die 22 
made of metal and integrating a convex forming die for 
forming the bottomed conical hollow 6b, and a needle- 
like forming die for forming the instilling hole 6c. 
5 [0060] The single forming die 22 includes a mounting 
shaft 22A which has formed the distal end thereof, a 
conical forming projection 22B for forming the bottomed 
conical hollow 6b, and a bowl-shaped (bell-shaped) 
forming surface 22D forf orming the outer peripheral sur- 
face of the instilling tube portion 6 of container body A. 
The conical forming projection 22B has a needle-like 
forming projection 22C formed integrally and coaxially 
with the distal end thereof for forming the small-diameter 
instilling hole 6c. 

[0061] In the manufacturing method of the third mode, 
as shown in Figs. 5(a) and (b), the tip end of the instilling 
tube portion 6 of the container body A is not heated, but 
may be left at a forming temperature (70°C to 80°C) or 
may be allowed to cool to room temperature. The nee- 
dle-like forming projection 22C for forming the small-di- 
ameter instilling hole 6c is caused to penetrate the tip 
end of the instilling tube portion 6 of the container body 
A, but short of forming the hollow 6b. 
[0062] As shown in Fig. 5(c), the needle-like forming 
projection 22C that penetrates the tip end of the instilling 
tube portion 6 of the container body A is heated by a 
high frequency induction heating device which is one ex- 
ample of a second heating device D. The heating tem- 
perature should ideally be around a temperature for 
melting the container material, which usually is in the 
range of 1 20°C to 200°C, and which, preferably, is con- 
trolled at around 160°C. 

[0063] As shown in Fig. 5(d), the single forming die 
22 which has the needle-like forming projection 22C and 
conical forming projection 22B is pushed in for 2mm to 
Bmm while being heated, to form the bottomed conical 
hollow 6b while pressing so as to compress the tip end 
of the instilling tube portion 6 of the container body A 
from the direction of container axis X. 
[0064] Preferably, the conical forming projection 22B 
of the single forming die 22, is pushed in deep, but only 
to a range of 5 to 7mm from a technical point of view. 
The single forming die 22 may have a vent hole for pre- 
venting bubbles entering the melted tip end of the instill- 
ing tube portion 6 of the container body A at this time 
(degassing is required since the resin at the tip end is 
fully melted). 

[0065] As shown in Fig. 11 (a), the mounting shaft 22A 
carrying the single forming die 22 is cooled by a cooling 
device E such as a water jacket or compressed air. 
[0066] At the point where the single forming die 22 is 
cooled to a predetermined temperature, the single form- 
ing die 22 is withdrawn along the container axis X from 
the instilling tube portion 6 of the container body A where 
has been formed into the predetermined shape. 
[0067] The single forming die 22 may be given surface 
treatment such as plating, Teflon coating orspecial plat- 
ing to improve separability or releasability from the resin. 
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This surface treatment, preferably, is the type that with- 
stands a temperature of 280°C or higher and is not eas- 
ily separable. 

[0068] The bottomed conical hollow 6b and the small- 
diameter instilling hole 6c formed at the tip end of the 
container body A by a manufacturing method of one of 
the three modes act as an inner nozzle tip. Each drop 
is in a steady quantity, bubbles are excluded from each 
drop, and bubble breaking is excellent. 
[0069] In the second and third modes described 
above, the needle-like forming projection 21 B or 21 C of 
the needle-like forming die 21 is preheated by the sec- 
ond heating device D during the process of forming the 
small-diameter instilling hole 6c with the needle-like 
forming projection 21 B or 21 C. However, as previously 
described, in some cases the small-diameter instiling 
hole 6c can be formed with the needle-like forming pro- 
jection 21 B or 21 C remaining at room temperature with- 
out such heating. 

[0070] The manufacturing machine used in the man- 
ufacturing methods of the first to third modes will be de- 
scribed next. 

[0071] As shown in Figs. 6 through 11 , the machine 
includes a transport and supply device F for supporting 
and transporting numerous container bodies A formed 
by blow molding or vacuum molding, along a linear sup- 
ply path. A container feeding device G for successively 
feeding, along an arcuate feeding path, the container 
bodies A transported by the transport and supply device 
F. A grip and transfer device H for gripping the shoulders 
or adjacent parts of container bodies A fed by the con- 
tainer feeding device G, and transferring the container 
bodies A along an arcuate grip and transfer path while 
preventing horizontal and at least downward movement. 
And a container delivering device J for receiving proc- 
essed container bodies A transferred along the arcuate 
grip and transfer path of the grip and transfer device H, 
and transferring them along an arcuate delivery path. 
[0072] The container feeding device G includes the 
initial heating device © for heating part of the instilling 
tube portion 6 located at the tip of each container body 
A. The grip and transfer device H includes a switch de- 
vice K for switching, between a standby position and a 
forming position. The convex forming die 20, needle-like 
forming die 21 or single forming die 22 are selectively 
applied to the tip ends of the container bodies A which 
are gripped and transferred by the grip and transfer de- 
vice H, and a centering device L which can be switched 
between a position for fitting from the direction of con- 
tainer axis X on the tip end of each container body A, 
and a standby position separated from, the tip end pro- 
jecting from a pair of gripper claws of the grip and trans- 
fer device H which grip and transfer the container body 
A. In addition, a high frequency induction heating device 
D which is one example of the second heating device, 
is located in an intermediate position along the arcuate 
grip and transfer path of the grip and transfer device H 
for heating the needle-like forming die 21 or single form- 



ing die 22. 

[0073] As shown in Fig. 6, the transport and supply 
device F includes a drive sprocket (not shown) inter- 
locked to an electric motor 26 to be rotatable about a 
s horizontal axis, and a driven sprocket (not shown) rotat- 
able about a horizontal axis, which are located at longi- 
tudinally opposite ends of a transport frame 25 attached 
to a machine frame 24. An endless carrier 29 is wound 
around and extends between the two sprockets for sup- 
porting and transporting numerous container bodies A. 
A pair of right and left transport guide plates 30 are pro- 
vided for guiding the container bodies A being transport- 
ed on the endless carrier 29. 

[0074] As shown in Figs. 6 and 7, the container feed- 
ing device G includes a rotating plate 34 interlocked to 
an electric motor 33 to be rotatable about a vertical axis, 
and defined by a number of hollowed holders 35 ar- 
ranged at fixed circumferential intervals for successively 
receiving and holding the container bodies A transport- 
ed by the transport and supply device F, it also includes, 
a supporting guide plate 36 for supporting and guiding 
the bottoms of the container bodies A held in the respec- 
tive holders 35, and a transfer guide 37 for preventing 
the container bodies A from moving radially outwardly 
from the respective holders 35. 

[0075] The initial heating device C is used only at the 
time of manufacture in the first mode and second modes 
described previously, and is constructed as follows: 
[0076] As shown in Figs. 6 and 7, the rotating plate 
34 of the container feeding device G includes a lift frame 
40 located in each position (only one position being il- 
lustrated in the figures for conciseness) corresponding 
to the respective holders 35, and having a pair of lift 
guide rods 40a and 40b vertically slidable along a pair 
of through holes 34a formed in the rotating plate 34, and 
downwardly biased by a compression coil spring 41 . 
Each lift frame 40 has a heat insulating plate 42 attached 
to the upper position thereof to be attachable to and de- 
tachable from a proximal portion of the instilling tube 
portion 6 of the container body A held in the holder 35, 
by moving along the container axis X. 
[0077] A support member 44 on the machine frame 
24 opposite the path of a roller 43 attached to the lower 
position of each lift frame 40, has a cam member 45 ver- 
tically mounted thereon for allowing the heat insulating 
plate 42 to descend to a heat insulating position fitted 
on the proximal portion of the instilling tube portion 6 of 
container body A It is then transported from a container 
supply position of the transport and supply device F to 
a container transfer position on the grip and transfer de- 
vice H. The heat is raised insulating plate 42 to a up- 
wardly spaced standby position acting against the resil- 
ient restoring force of compression coil spring 41 when 
returning from the container transfer position to the con- 
tainer supply position. 

[0078] In addition, the rotating plate 34 of the contain- 
er feeding device G includes a hot air supply pipe 46 
located in each of the positions corresponding to the re- 
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spective holders 35 for supplying hot air at 200°C to 
500°C to the top of the instilling tube portion 6 at the tip 
end of the container body A held in each holder 35. 
[0079] As shown in Figs. 6, 8 and 10, the grip and 
transfer device H includes a rotating plate 51 interlocked 5 
to an electric motor 50 which rotates about a vertical ax- 
is, and supporting, in each of the peripheral positions 
(only one position being illustrated in the figures for con- 
ciseness) at predetermined intervals in a rotating direc- 
tion, a pair of actuating shafts 42 rotatable about the ver- 
tical axes extending parallel to an axis of rotation of the 
rotating plate 51 . The actuating shafts 42 have a pair of 
gripper claws 43 attached to the upper ends thereof and 
defining semicircular arc gripping surfaces 53a for hor- 
izontally engaging and gripping the neck portion 3 form- 
ing an annular groove of container body A The actuating 
shafts 42 have gears 54 mounted fixedly thereon and 
meshed with each other. Further, a fluid cylinder 56 is 
disposed between an actuating arm 55 fixed to one of 
the actuating shafts 42 and the rotating plate 51 for 
opening and closing the pair of gripper claws 43. 
[0080] A supporting and sliding guide plate 57 is pro- 
vided for supporting and sliding the bottom 1 of the con- 
tainer body A, gripped and transferred by the two gripper 
claws 43, and a transfer guide member 58 is provided 
for preventing the container body A gripped and trans- 
ferred by the gripper claws 43 from moving radially out- 
ward. 

[0081] When the neck portion 3 of container body A 
is gripped by the pair of gripper claws 43, the container 
body A is prevented from moving horizontally and forced 
to move downward. Consequently, an alignment of the 
container bodies A and the convex forming die 20, nee- 
dle-like forming die 21 or single forming die 22 inter- 
changeably attached by the switch device K may be ef- 
fected with increased precision. It is also possible to 
check a reduction in the precision of shaping the bot- 
tomed conical hollow 6b and small-diameter instilling 
hole 6c due to an elastic deformation in the container 
axis X of the container body A caused by pressure ap- 
plied from the die. 

[0082] As shown in Figs. 8 and 9, the switch device K 
includes a movable frame 60 reciprocable radially and 
vertically in each of positions (only one position being 
illustrated in the figures for conciseness) of the rotating 
plate 51 corresponding to the gripper claws 43. The 
movable frame 60 has two holder tubular shafts 62 re- 
movably attached, through nuts 63, to two positions ra- 
dially with respect to the rotating direction of mounting 
portion 60A at the tip end thereof and defining shaft re- 
ceiving openings directed downward. A nut 61 is 
screwed to the shaft receiving opening of each holder 
tubular shaft 62 for selectively and interchangeably 
holding the mounting shaft 20A of the convex forming 
die 20, the mounting shaft 21 A of needle-like forming 
die 21 or the mounting shaft 22A of the single forming 
die 22. 

[0083] A lift block 64 slidably holding two horizontal 



slide rods 60B of a movable frame 60 has two vertical 
slide rods 65 and 66, of different lengths, extending 
downward to be vertically slidable relative to the rotating 
plate 51 . The longer slide rod 65 has a lower end thereof 
connected to a lift connector 67 slidable along a pair of 
lift guide rods 68 attached to the machine frame 24. The 
lift connector 67 has a screw shaft 70 vertically extend- 
ing through and meshed with a transversed middle po- 
sition thereof, and interlocked to an electric motor 69 
fixed to the machine frame 24. Further, a fluid cylinder 
71 is attached to the rotating plate 51 for radially sliding 
the movable frame 60 relative to the lift block 64. 
[0084] The first holder tubular shaft 62, which is the 
shorter of the two holder tubular shafts 62 and is dis- 
posed radially inwardly with respect to the rotating di- 
rection, has an axis for aligning with the axis X of the 
container body A gripped by the pair of gripper claws 
43. When actuating the convex forming die 20, the nee- 
dle-like forming die 21 or single forming die 22 selec- 
tively attached to the longer, second holdertubular shaft 
62 disposed radially inwardly with respect to the rotating 
direction, the fluid cylinder 71 is operated and controlled 
to cause a sliding movement to move the axis of the sec- 
ond holder tubular shaft 62 into agreement with the axis 
X of container body A gripped by the pair of gripper 
claws 43. 

[0085] When actuating the convex forming die 20, the 
needle-like forming die 21 or the single forming die 22 
selectively attached to the two holder tubular shafts 62, 
the electric motor 69 is driven and controlled to lower 
the movable frame 60 to a predetermined amount to 
switch the forming die from the standby position to the 
forming position. 

[0086] As shown in Figs. 8 and 11 , the centering de- 
vice L has a centering ring 76 attached to upper posi- 
tions of the movable tubes 75 mounted to be slidable 
along the vertical slide rods 65 and 66, and defining a 
fitting bore 76a for fitting, from the direction of container 
axis X on the threaded tube portion 5 of the container 
body A gripped by the pair of gripper claws 43. Afluid 
cylinder 77 is mounted between the movable tubes 75 
and the machine frame 24 for switching the centering 
ring 76 between a centering position for fitting on the 
threaded tube portion 5 of the container body A and a 
standby position spaced upward therefrom. 
[0087] As shown in Fig. 1 1 (a), each of the two holder 
tubular shafts 62 has a water jacket 80 acting as the 
cooling device E, a water supply connection pipe 81 for 
supplying cooling water to the water jacket 80, and a 
drain connection pipe 82 for draining the cooling water 
from the water jacket 80. 

[0088] The following functions and effects are real- 
ized by the construction, as described above, including 
the grip and transfer device H for gripping the shoulders 
or adjacent parts of the container bodies A with a liquid 
filled therein and sealed simultaneously during the 
molding process, and transferring the container bodies 
A along the path while preventing any horizontal move- 
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ment and forcing downward movement thereof, and the 
switch device K for switching, between the standby po- 
sition and forming position, the convex forming die 20 
for forming the hollow 6b, and the needle-like forming 
die 21 for forming the instilling holes 6c, which are se- 
lectively applied to the tip ends of the container bodies 
A gripped and transferred by the grip and transfer device 
H. 

[0089] Using the container body A formed of a ther- 
moplastic material (bottle pack type container body in 
which a liquid is filled and sealed simultaneously by blow 
molding, vacuum molding or the like, the bottomed con- 
ical hollow 6b having an inside diameter enlarging to- 
ward the tip end, and the small-diameter instilling hole 
6c for controlling, to a set quantity, the liquid pushed out 
of the container body A, are formed directly in the tip 
end of container body A Thus, less dies are required for 
manufacturing the container body than an eye drop con- 
tainer using an injection-molded inner nozzle tip. The 
presence of a bottomed conical hollow 6b and small- 
diameter instilling hole 6c allows a fixed quantity of liquid 
to be dripped reliably whenever the container body A is 
pressed. 

[0090] Moreover, when forming the bottomed conical 
hollow 6b and small-diameter instilling hole 6c in the tip 
end of container body A gripped and transferred by the 
grip and transfer device H, by switching the convex 
forming die 20 and needle-like forming die 21 from the 
standby position to the forming position, the grip and 
transfer device H grips the shoulder or adjacent part of 
container body A and prevents the container body from 
moving horizontally and forcing it downward. Conse- 
quently, the bottomed conical hollow 6b and small-diam- 
eter instilling hole 6c are aligned to the container body 
A with high precision. It is also possible to check the 
reduction in the precision of shaping the bottomed con- 
ical hollow 6b and small-diameter instilling hole 6c due 
to an elastic deformation in the container axis X of con- 
tainer body A. 

[0091] Thus, while realizing an improved precision for 
shaping the bottomed conical hollow 6b and small-di- 
ameter instilling hole 6c to instill a fixed quantity of liquid 
reliably whenever the container body A is pressed, the 
low manufacturing cost, which is the advantage of the 
bottle pack type container body A may be further low- 
ered. 

[0092] The following functions and effects are real- 
ized by the construction, as described above, including 
the centering device L switchable between the position 
for fitting from the direction of the container axis X on 
the tip end of each container body A, and the standby 
position separated therefrom, the tip end projecting from 
the gripper claws of the grip and transfer device H. 
[0093] By fitting the centering device L from the direc- 
tion of the container axis X on the tip end of the container 
body A gripped by the gripper claws 43 of the grip and 
transfer device H, the bottomed conical hollow 6b and 
small-diameter instilling hole 6c are aligned with the 



container body A with increased precision. A further im- 
provement may be achieved in the precision for shaping 
the bottomed conical hollow 6b and small-diameter in- 
stilling hole 6c to drip and apply a fixed quantity of liquid 

5 reliably whenever the container body A is pressed. 
[0094] Further, as described above, the high frequen- 
cy induction heating device D is disposed in an interme- 
diate position on the grip and transfer path of the grip 
and transfer device H for heating the forming dies, the 

10 high frequency induction heating device D disposed in 
an intermediate position on the transfer path can quickly 
heat the forming dies to a predetermined heating tem- 
perature while the grip and transfer device H continu- 
ously grips and transfers the container bodies A. Con- 

15 sequently, the yield may be. improved while promoting 
the improvement in manufacturing efficiency and ma- 
chining precision. 



20 Claims 

1 . An eye drop container including a bottomed conical 
hollow formed in the tip end of the container body 
formed from a thermoplastic material with a liquid 

25 filled and sealed therein simultaneously during the 
molding process, the said hollow having an inside 
diameter enlarging toward the tip end, and a small- 
diameter instilling hole penetrated through a bottom 
of the said hollow for controlling, at a set quantity, 

30 the liquid pushed out of the container body. 

2. An eye drop container including a bottomed conical 
hollow formed in the tip end of a container body 
formed of a thermoplastic material with a liquid filled 

35 and sealed therein simultaneously during the mold- 
ing process, the said hollow having an inside diam- 
eter enlarging toward the tip end, wherein said hol- 
low is shaped so that a small-diameter instilling hole 
can be penetrated through the bottom of the said 

40 hollow for controlling, to a set quantity, the liquid 
pushed out of the container body toward the bottom 
of said hollow. 

3. The eye drop container as defined in claim 1 or 2, 
45 wherein said container body has a threaded portion 

formed integral therewith for detachably meshing a 
cap to seal the said hollow of the container body. 

4. The eye drop container as defined in claim 1 , 2 or 
50 3, wherein said hollow has a depth in a range of 2 

to 7mm. 

5. The eye drop container as defined in claim 1 , 2, 3 
or 4, wherein said hollow has an opening diameter 

55 adjacent the tip end in a range of 2 to 4mm. 

6. A method of manufacturing an eye drop container 
as defined in claim 1 , 3, 4 or 5, comprised of press- 
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ing, in the direction of a container axis and against 
the tip end of the container body with the liquid filled 
and sealed therein simultaneously during the mold- 
ing process, a convex forming die for forming the 
said hollow, and a needle-like forming die for form- 5 
ing the said small-diameter instilling hole, 

7. A method of manufacturing an eye drop container 
as defined in claim 2, comprised of pressing a con- 
vex forming die for forming the said hollow, in the 10 
direction of the container axis and against the tip 
end of the container body with the liquid filled and 
sealed therein simultaneously during the molding 
process. 

15 

8. The method of manufacturing an eye drop contain- 
er, as defined in claim 6 or 7, comprised of heating 
at least a portion formed by the said convex forming 
die, to a non-buckle temperature with heating 
means before the forming process. 20 

9. The method of manufacturing an eye drop contain- 
er, as defined in claim 6, comprised of forming said 
hollow and instilling hole in the tip end of the con- 
tainer by using a single forming die and integrating 25 
the said convex forming die and the said needle-like 
forming die. 
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